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Description 

I. BACKGROUND OF THE INVENTION 
A. Field of the Invention 

[0001] This invention relates to a novel method, conn- 
position, and kit for the detemnination of the presence 
or amount of an analyte in a test sample by monitoring 
an analyte-mediated ligand binding event In a test mix- 
ture. In particular, this invention relates to a novel meth- 
od, composition, and kit for the determination of the 
presence or amount of an analyte in a test sample by 
monitoring differences and changes In the surface-en- 
hanced Raman scattering spectrum in a test mixture 
which comprises the test sample, a specific binding 
member, a Raman -active label, and a particulate having 
a surface capable of inducing surface-enhanced Raman 
light scattering. 

[0002] The affinity of binding displayed by certain mol- 
ecules {referred to here as binding molecules) towards 
other specific molecules (refen-ed to here as ligands) is 
used commonly as the basis of assays to measure the 
quantity of a particular binding molecule or ligand in a 
sample. 

[0003] The two molecules Involved in forming a bind- 
ing molecule-ligand complex are also referred to as a 
specific binding pair. One member of a specific binding 
pair is referred to as a specific binding member. This 
Invention includes methods for performing assays using 
specific binding pairs of binding molecules and ligands, 
with surface-enhanced Raman light scattering as the 
method of detection. This invention also includes mate- 
rials and kits used in performing the assays. 
[0004] An assay is a test (1 ) to detect the p resence of 
a substance In a sample, (2) to identify a substance in 
a sample, and/or (3) to measure the amount of a sub- 
stance in a sample. In the terminology of this art, the 
substance that the assay is designed to detect, identify, 
or measure Is called an "analyte." 
[0005] Ligand binding assays are especially relevant 
to medical diagnostics. In modern medical practice, lig- 
and binding assays are routinely run on patients' blood, 
urine, saliva, etc. in order to determine the presence or 
levels of antibodies, antigens, hormones, medications, 
poisons, toxins, illegal drugs, and others. 
[0006] New, better, less expensive, and faster assays 
can advance the level of health care. Such assays can 
provide a physician with more and better information 
about a patient and do so consistent with reasonable 
cost. In addition, by making assays easier and less ex- 
pensive, a higher level of health care can be extended 
to less developed parts of tlie world. Ligand binding as- 
says are also being used to monitor groundwater con- 
tamination, toxins and pesticides in foods, industrial bi- 
ological processes, and in many areas of biological re- 
search. 



B. Present Ligand Binding Assays 

[0007] For many assays it Is required that minute 
quantities of a certain substance (the analyte) be detect- 

5 ed and measured in the presence of much larger quan- 
tities of other substances. This is possible because the 
high affinity a binding molecule can have for a ligand 
can result In a high degree of specificity of binding for 
that particular ligand, irrespective of the presence of oth- 

10 er substances. The most common ligand binding assays 
are immunoassays. 

[0008] In an immunoassay, an antibody serves as a 
binding molecule which specifically binds an antigen, 
which serves as the ligand, thereby forming a specific 

IS binding pair, tn order to measure the extent of the anti- 
body/antigen binding, one member of the specific bind- 
ing pair is tagged or labeled with a traceable substance. 
The unique properties of the traceable substance allow 
its presence, and hence the presence of the specific 

20 binding member to which it is attached, to be detected 
or measured. The labeled member of the specific bind- 
ing pair Is referred to as the Indicator reagent. 
[0009] In a direct immunoassay, the quantity of indi- 
cator reagent bound to the other member of the specific 

ss binding pair is measured. In an indirect immunoassay, 
the degree of Inhibition of binding of the Indicator rea- 
gent to the other member of the specific binding pair by 
the analyte Is measured. 

[0010] The individual members of a specific binding 

30 pair do not have to be antigens or antibodies, however. 
Any two molecules having affinity for each other may 
comprise a specific binding pair and may form the basis 
of a ligand-binding assay. Other examples of such spe- 
cific binding pairs are: lectins and the complex carbohy- 

35 drates to which they bind, honmones and their receptors, 
any effector molecule and its receptor, binding mole- 
cules designed through molecular modeling and synthe- 
sized specifically to bind another molecule, and other 
molecules with mutual affinity such as avidin and biotln. 

40 [0011] Two commonty-used immunoassay tech- 
niques are radioimmunoassay (RIA) and enzyme Immu- 
noassay (EIA), both of which employ a labeled specific 
binding member as an indicator reagent. RIA uses a ra- 
dioactive isotope as the traceable substance attached 

4S to a specific binding member. Because the radioactive 
isotope can be detected In very small amounts, it can 
be used to detect or quantitate small amounts of analyte. 
There are, however, a number of substantial drawbacks 
associated with RIA. These drawbacks include the spe- 

50 cial facilities and extreme caution that are required in 
handling radioactive materials, the high costs of such 
reagents and their unique disposal requirements. 
[0012] EIA uses an enzyme as the label attached to 
a specific binding member which in the presence of its 

ss substrate produces a detectable substance or signal. 
This enzyme-labeled specific binding member then 
senses as the indicator reagent, and enzymatic activity 
is used to detect its binding. While EIA does not have 
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some of the same disadvantages as RIA, ElA tech- 
niques require the addition of substrate materials to elicit 
the detectable enzyme reaction. Another disadvantage 
is that enzyme stability and rate of substrate turnover 
are temperature sensitive, the former decreasing and 
the latter increasing with temperature. 
[001 3] A drawback common to all of these assay con- 
figurations is the necessity of separating unbound la- 
beled reagent from that bound to the analyte. This usu- 
ally entails wash steps which are tedious when the as- 
says are performed manually and require complicated 
robotics in automated formats. 
[0014] Immunoassays may also be performed by au- 
tomated instruments! Examples of such instruments are 
the TDx®. IMx®, and IMx SELECT™ analyzers which 
are commercially available from Abbott Laboratories, 
Abbott Park, Illinois. These instruments are used to 
measure analyte concentrations in biological fluids such 
as serum, plasma and whole blood. The If^x® and IMx 
SELECT"^" analyzers have been described by Charles 
H, Keller, et al., "The Abbott IMx® and IMx SELECT™ 
System,* J. Clin. Immunoassay. 14, 115, 1991; and M. 
Fiore et a!., "The Abbott IMx™ Automated Benchtop Im- 
munochemistry Analyzer System." Clin. Chem., 34, 
1726, 1988. 

[0015] Other types of assays use the so-called 'dip- 
stick' and "flowthrough" methods. With these methods, 
a test sample is applied to the "dipstick' or flowthrough* 
device, and Uie presence of the analyte is indicated by 
a visually detectable signal generated by a color forming 
reaction. Flowthrough devices generally use a porous 
material with a reagent immobilized at a capture situs 
on a matrix layered thereon or incorporated therein. The 
test sample is applied to the device and flows through 
the porous material. The analyte in the sample then re- 
acts with the reagent(s) to produce a detectable signal 
on the porous material. Such devices have proven use- 
ful for the qualitative determination of the presence of 
an analyte. 

[001 6} More recently, assay techniques using metallic 
colloid particles have been developed. The specific 
binding member to be labeled is coated onto the metal 
or colloid, particles by adsorption and the metal particles 
become the label. Localizatbn of these labeled binding 
members on a solid support via an immunoreaction can 
produce a signal that is visually delectable, as well as 
measurable by an instrument. 
[0017] Fluorescent and visible dyes and spin labels 
have also been used as labels in ligand binding assays. 
[0018] All of these binding molecule-ligand assays 
have inherent drawbacks. The use of Raman light scat- 
tering as a means of detecting or measuring the pres- 
ence of a labeled specific binding member, avoids some 
of these drawbacks, as explained below. 

C. Rayleigh Light Scattering 

[0019] For many years, it has been known that when 



certain molecules are illuminated by a beam of light, for 
example ultraviolet, visible, or near infrared, a small 
fraction of the incident photons are retained momentar- 
ily by some ot the molecules, causing a transition of the 

s energy levels of some of those molecules to higher vi- 
brational levels of the ground electronic state. These 
higher vibrational levels are called virtual states. Most 
of the time, these are elastic collisions, and the mole- 
cules return to their original vibrational level by releasing 

to photons. Photons are emitted in all directbns at the 
same wavelength as the incident beam (i.e., they are 
scattered). This is called Rayleigh scattering. 

D. Raman Light Scattering 

IS 

[0020] In 1928, C.V. Raman discovered that when 
certain molecules are illuminated, a small percentage of 
the molecules which have retained a photon do not re- 
turn to their original vibrational level after remitting the 

20 retained photon, but drop to a different vibrational level 
of the ground electronic state. The radiation emitted 
from these molecules will therefore be at a different en- 
ergy and hence a different wavelength. This is referred 
to as Raman scattering. 

2S [0021] Ifthe molecule drops to a higher vibrational lev- 
el of the ground electronic state, the photon emitted is 
at a lower energy or longer wavelength than that ab- 
sorbed. This Is referred to as Stokes-shifted Raman 
scattering. If a molecule is already at a h igher vibrational 

30 state before it absorbs a photon, it can impart this extra 
energy to the remitted photon thereby returning to the 
ground state. In this case, the radiation emitted is of 
higher energy (and shorter wavelength) and is called an- 
ti-Stokes-shifted Raman scattering, in any set of mole- 

35 cules under normal conditions, the number of molecules 
at ground state is always much greater than those at an 
excited state, so the odds of an incident photon Interact- 
ing with an excited molecule and being scattered with 
more energy than it carried upon collision is very small. 

40 Therefore, photon scattering at frequencies higher than 
that of the incident photons (anti-Stokes frequencies) is 
minor relative to that at frequencies lower than that of 
the incident photons (Stokes frequencies). Consequent- 
ly, it is the Stokes frequencies that are usually analyzed. 

4S [0022] The amount of energy lost to, or gained from, 
a molecule in this way is quantized, resulting in the scat- 
tered photons having discrete wavelength shifts. These 
wavelength shifts can be measured by a spectrometer. 
Raman scattering was considered to have the potential 

so to be useful as an analytical tool to identify certain mol- 
ecules, and as a means of studying molecular structure. 
However, other methods, such as infrared spectrosco- 
py, proved to be more useful. 

55 E Resonance Raman Scattering 

[0023] Interest in Raman spectroscopy was renewed 
with the advent of the laser as a light source. Its intense 
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coherent light overcame some ot the sensitivity draw- 
backs of Raman spectroscopy. Moreover, it was discov- 
ered that when the wavelength of the incident light is at 
or near the maximum absorption frequency of the mol- 
ecule, and hence can cause electronic as well as vibra- 
tional transitions in the molecules, resonance Raman 
scattering is observed With resonance Raman scatter- 
ing, the re-emitted photons still show the differences in 
vibrational energy associated with Raman scattering. 
However, with resonance Raman scattering, the elec- 
tronic vibrational absorption is approximately 1000 
times more efficient. Even with the increased s igna I from 
resonance Raman scattering, its usefulness as an ana- 
lytic tool was limited due to its still comparatively weak 
signal. The relatively recent discovery of the surface en- 
hancement effect, however, has provided a means to 
further dramatically enhance Raman scattering intensi- 
ty. 

F. Surface Enhanced Raman Scattering 

[0024] A significant increase in the intensity of Raman 
light scattering can be observed when molecules are 
brought into close proximity to (but not necessarily in 
contact with) certain metal surfaces. The metal surfaces 
need to be 'roughened' or coated with minute metal par- 
ticles. MeXa\ colloids also show this signal enhancement 
effect. The increase in intensity can be on the order of 
several million-fold or more. In 1974, Dr. Richard P. Van 
Duyne was the first to recognize this effect as a unique 
phenomenon and coined the term "surface enhanced 
Raman scattering" (SERS). 

[0025] The cause of the S ERS effect is not completely 
understood; however, current thinking envisions at least 
two separate factors contributing to SERS. First, the 
metal surface contains minute irregularities. These ir- 
regularities can be thought of as spheres (in a colloid, 
they are spheroidal or nearly so). Those partk:les with 
diameters of approximately 1/1 0th the wavelength of the 
incident light are considered to contribute most to the 
effect. The incident photons induce a field across the 
particles which, being metal, have very mobile elec- 
trons. 

[0026] In certain configurations of metal surfaces or 
particles, groups of surface electrons can be made to 
oscillate in a collective fashion In response to ah applied 
oscillating electromagnetic field. Such a group of collec- 
tively oscillating electrons is called a 'plasmon.' The in- 
cident photons supply this oscillating electromagnetic 
field. The induction of an oscillating dipole moment In a 
molecule by incident light is the source of the Raman 
scattering. The effect of the resonant oscillation of the 
surface plasmons is to cause a large increase in the 
electromagnetic field strength in the vicinity of the metal 
surface. This results in an enhancement of the oscillat- 
ing dipole induced in the scattering molecule and hence 
increases the intensity of the Raman scattered light. The 
effect is to increase the apparent intensity of the incident 



light in the vicinity of the particles. 
[0027] A second factor considered to contribute to the 
SERS effect is molecular imaging. A molecule with a di- 
pole moment, which is in close proximity to a metallic 

s surface, will induce an image of itself on that surface of 
opposite polarity (i.e., a "shadow' dipole on the plas- 
mon). The proximity of that image is thought to enhance 
the power of the molecules to scatter light. Put another 
way, this coupling of a molecule having an induced or 

10 distorted dipole moment to the surface plasmons greatly 
enhances the excitation probability. The result is a very 
large increase in the efficiency of Raman light scattered 
by the surface-absorbed molecules. 
[0028] The SERS effect can be enhanced through 

IS combination wth the resonance Raman effect. The sur- 
face-enhanced Raman scattering effect is even more in- 
tense if the frequency of the excitation light is in reso- 
nance with a major absorption band of the molecule be- 
ing illuminated. The resultant Surface Enhanced Reso- 

20 nance Raman Scattering (SERRS) effect can result in 
an enhancement in the intensity of the Raman scattering 
signal of seven orders of magnitude or more. 

G. Application of SERS to Immunoassays 

2S 

[0029] The SERS effect has been used by physical 
and analytical chemists to follow chemical reactions on 
electrode surfaces in order to study molecular surface 
structure and dynamics. Recently, the technique has al- 

30 so been applied to biological molecules containing Ra- 
man-active prosthetic groups, such as hemes. 
[0030] Up until now, there has been no application of 
the SERS effect to immunodiagnostics. 
[0031] Utilization of this technology In immunodiag- 

35 nostics offers several unique advantages. Because of 
the extraordinary dependence of the SERS signal upon 
close association with a suitable surface, only those re- 
porter molecules which have become immobilized on or 
near the SERS-active surface will contribute a signifi- 

40 cant signal, while the signal contribution of those re- 
maining in solution wilt be negligible. Molecules bound 
in different environments or different orientations can 
exhibit differences in their Raman scattering character- 
istics. 

4S [0032] Asfurther background tothe present invention, 
T. E. Rohr et al., Analytical Biochemistry 182 . 388-398 
(1 989) disclose immunoassays employing surface-en- 
hanced Raman spectroscopy. The surfaces used are 
flat, rough silver surfaces, e.g. silver coated onto frosted 

so glass microscope slides or onto quartz pieces. 

[0033] S. M. Angel et al. , Applied Spectroscopy 43, no. 
3 (1989) disease surface-enhanced Raman spectros- 
copy to detect environmental contaminants using cop- 
per and gold colloids. 

55 [0034] R, R Zuk et al. , Clin. Chem. 31 , no. 7. 1 985 dis- 
ck)se a test-strip enzyme immunoassay 



4 



7 



EP 0 587 008 B1 



8 



II. SUMMARY OF THE INVENTION 

[0035] According to one feature of the present inven- 
tion there is provided a method for assaying, or deter- 
mining the presence or amount of an analyte by: Moni- 
toring an analyte-mediated ligand binding event in a test 
nnixture containing the test sannple, specific binding 
member, Raman -active label and a particulate by allow- 
ing a complex to be formed, in the test mixture, between 
an analyte, a specific binding member, a Raman-active 
label, and a particulate wherein the particulate is char- 
acterized by having a surface capable of Inducing a sur- 
face-enhanced Raman light scattering; illuminating the 
test mixture with a radiation sufficient to cause the Ra- 
man-active label In the complex to emit a detectable Ra- 
man spectrum: and monitoring differences in the detect- 
ed surface-enhanced Raman scattering spectra, the dif- 
ferences being dependent upon the anrjount of the ana- 
lyte present in the test mixture. 
[0036] According to another feature of the present in- 
vention, there is provided a method for assaying, or de- 
termining the presence or amount of an analyte in a test 
sample by: Monitoring an analyte-mediated ligand bind- 
ing event in a test mixture by forming a test mixture com- 
prising the test sample, a labeled analyte-analog and a 
particulate capture reagent comprising the specific bind- 
ing member immobilized on a particulate having a sur- 
face capable of inducing surface-enhanced Raman light 
scattering wherein the labeled analyte-analog compris- 
es an analyte-analog nrK^lecule expressing an analyte 
epitope recognized by a specific binding member, said 
analyte-analog being attached to a Raman-active label 
either directly, or indirectly, through an inten/ening mol- 
ecule, then, allowing the labeled analyte-analog to be 
bound to th e specific binding member on the particulate, 
wherein the extent of the binding of the labeled analyte- 
analog to the specific binding member on the particulate 
is affected by the presence of the analyte; then, illumi- 
nating the test mb(ture with a radiation sufficient to cause 
the Raman-active label on the bound labeled analyte- 
analog in the test mixture to emit a detectable Raman 
spectrum; and then monitoring difference in the detect- 
ed surface-enhanced Raman scattering spectra, the dif- 
ferences being dependent upon the amount of the ana- 
lyte present in the test mixture. 
[0037^ According to another feature of the present in- 
vention, there is provided a method for assaying, or de- 
termining the presence or amount of, an analyte in a test 
sample by monitoring an analyte-mediated ligand bind- 
ing event in a test mixture by: Forming the test mixture 
from the test sample containing the analyte and a par- 
ticulate capture reagent comprising a specific binding 
member conjugated to a particulate having a surface ca- 
pable of inducing a surface-enhanced Raman light scat- 
tering and alsohaving associated with it a Raman-active 
label; then applying the test mixture onto a chromato- 
graphic material having a proximal end and a distal end, 
wherein the chromatographic material comprises a cap- 



ture reagent immobilized in a capture situs and capable 
of binding to the analyte; then allowing the test mixture 
to travel from the proximal end toward the distal end by 
capillary action; then illuminating the capture situs with 

5 a radiation sufficient to cause a detectable Raman spec- 
trum; and, then monitoring differences in the detected 
surface-enhanced Raman scattering spectra, the differ- 
ences being dependent upon the amount of the analyte 
present in the test mixture. 

70 [0038] According to yet another feature of the present 
invention, there is provided a composition to be used for 
determining the presence or amount of an analyte in a 
test sample by monitoring an anatyte-mediated ligand 
binding event in a test mixture, the composition com- 

is prises a particulate having a surface capable of inducing 
a surface-enhanced Raman light scattering and having 
been labeled with a Raman-active label. 
[0039] According to still another feature of the present 
invention, there is provided a kit for detemnining the 

20 presence or amount of an analyte in a test sample by 
monitoring an analyte-mediated ligand binding event in 
a test mixture, the kit comprises: A Raman-active label; 
a particulate having a surface capable of inducing a sur- 
face-enhanced Rannan light scattering; and a specific 

25 bind ing member for the analyte. 

III. BRIEF DESCRIPTION OF THE DRAWINGS 

[0040] FIG. 1 is a profilometer tracing of an intact, 

30 chemically deposited silver film surface. 

[0041] FIG. 2 is Raman spectra of (A) 2.4-dinitroben- 
zene solution, 1 0"^ M, in the presence of chemically de- 
posited silver film, (B) 2,4-dinitrophenyl-BSA conjugate. 
10-7 fj\ with respect to DNP moieties, in the presence of 

35 a chemically deposited silver film, and (C) 2,4-dini- 
trobenzene, lO'^ M, in the absence of a silver film (or- 
dinate expanded fourfold relative to A and B to enhance 
features). Spectra acquisition conditions: acquisition 
time. 19 sec; power, 41 mW; excitation wavelength, 

40 457.9 nm. 

[0042] FIG. 3 is a SERRS spectrum obtained from a 
chemically deposited silver film incubated In (A) a 3mM 
solution of HABA and (B) a 2.5 X 10^6 M solution of avi- 
dln subsequently made 0.3 mM in HABA. No discernible 

45 spectrum was observed in this region from surface ab- 
sorbed avidin in the absence of HABA (C). Spectra ac- 
quisition conditions: acquisition time, 100 sec. power, 50 
MW; excitation wavelength, 457.9 nm. 
[0043] FIG. 4 is a combined plot of typical SERRS 

so spectra obtained in a "sandwich" immunoassay for TSH 
antigen using a DAB-anti-TSH antibody conjugate. Sil- 
ver electrodes coated with anti-TSH capture antibody 
were incubated with various concentrations of TSH an- 
tigen and then transferred to a 40 jig/ml solution of DAB- 

55 anti-TSH antibody conjugate. (A) SERRS spectrum of a 
40 ^ig/ml solution of DAB-anti-TSH antibody conjugate 
in the absence of a silver surface. Plots (B), (C), (D). 
(E), and (F) show spectra obtained by incubating cap- 
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ture antibody-coated electrodes in solutions containing 
0. 4, 10, 25 and 60 ^lU of TSH antigen, respectively, 
followed by transfer to a 40 ^ig/ml solution of DAB-anti- 

TSH antibody conjugate. 

[0044] FIG. 5 is a plot of average SERRS intensity at 
1410 cm-^ as a function o! TSH antigen concentration 
for known TSH standards. Values were obtained at five 
different places on the silver electrode and averaged. 
One electrode was used for each concentration of TSH 
antigen measured. Numbers in parentheses are the co- 
efficients of variation (standard deviation/mean) for 
each concentration of analyte measured. 
[0045] FIG. 6 is absorbance (492 nm) vs. TSH antigen 
concentration obtained using reagents from a commer- 
cial enzyme immunoassay kit (Abbott Labs No. 6207). 
Each data point represents the average of four determi- 
nations. The numbers in parentheses are the coeffi- 
cients of variations (standard deviation/mean) for each 
concentration of TSH antigen measured. 
[0046] FIG. 7 is a SERS spectra using near IR exci- 
tation for (A) spectrum of a blank silver film determined 
separately and added to a solution state spectrum done 
in the absence of a silver surface, of the p-dimethylami- 
no-azobenzene bovine seaim albumin conjugate at 20 
mg/ml, (B) spectrum obtained by Immersing the blank 
silver film in the aforementioned solution of the p- 
dimethylaminoazobenzene bovine serum albumin con- 
jugate. 

[0047] FIG. 8 shows a no-wash ^nmunoassay of 
standards of human chorionic gonadotroph in (HCG), 
prepared in pig serum, using gold coltoid, a cresyl violet 
dye or reporter molecule, and a SERRS readout plotted 
as a function of HCG concentration. 
[0048] FIG. 9 shows a no-wash immunoassay of 
standards of human chortonic gonadotroph in (HCG), 
prepared in human serum using gold colloid, a cresyl 
violet dye or reporter molecule, and a SERRS readout 
plotted as a function of HCG concentration. 
[0049] FIG. 10 shows a no-wash immunoassay of 
standards of theophylline, prepared in citrate buffer, us- 
ing silver colloid, an N,N-dimethylanaline-4-azoben2y- 
4-thlocarbomoyl ethyl aminoethyldisulfide dye or report- 
er molecule, and a SERRS readout, plotted as a function 
of theophylline concentration. 
[0050] FIG. 11 shows a no-wash detection of the in- 
hibition of binding by free biotin, of bovine serum albu- 
min conjugated to both a dye or reporter molecule 
[dimethylaminoazobenzena (DAB)], and b'lotin, [abbre- 
viation of complete conjugate is biotin-BSA-DAB], to 
streptavidin-coated silver colloid, by a SERRS readout 
plotted as a function of biotln-BSA-DAB concentration. 
[0051] FIG. 12 shows surface-enhanced Raman scat- 
tering (SERRS) spectra of 20:1 mixture of methylene 
blueioxazine 725 on silver colloid, where the colloid was 
made either using (A) hydrogen and (B) citrate as the 
reducing agent. 



IV. DETAILED DESCRIPTION OF THE PRESENTLY 
PREFERRED EMBODIMENTS 

[0052] As previously stated, the present invention in- 
s voives assay methods, compositions and kits for the de- 
termination of the presence or amount of an analyte in 
a test sample by monitoring differences and changes in 
the surface-enhanced Raman scattering spectrum of a 
test mixture which comprises the test sample, a specific 
10 binding member, a Raman-active label, and a partk:u- 
late having a surface capable of inducing surface-en- 
hanced Raman tight scattering. It is believed that the 
presence of an analyte in a dispersed particulate mix- 
ture will affect the Raman spectrum obtained from the 
IS mixture. 

[0053] Before proceeding further with the description 
of various embodiments of the present invention, a 
number of terms will be defined. 



[0054] 'Analvte .' as used herein, is the substance to 
be detected in the test sample using the present inven- 
tion. The analyte can be any substance for which there 

2S Gxists a naturally occurring specific binding member (e. 
g., an antibody) or for which a specific binding member 
can be prepared, and the analyte can bind to one or 
more specific binding members in an assay. "Analyte' 
also includes any antigenb substances, haptens, anti- 

30 bodies, and combinations thereof. The analyte can in- 
clude a protein, a peptide, an amino acid, a carbohy- 
drate, a hormone, a steroid, a vitamin, a drug including 
those administered for therapeutic purposes as well as 
those administered for iilbit purposes, a bacterium, a vi- 

35 rus. and metabolites of or antibodies to any of the above 
substances. 

[0055] 'Anatvte-analoq ". as used herein, refers to a 
substance which cross reacts with an analyte specific 
binding member although It may do so to a greater or 

'40 lesser extent than does the analyte itself. The analyte- 
analog can include a modified analyte as well as a frag- 
mented or synthetic portion of the analyte molecule so 
long as the analyte analog has at least one epitopic site 
in common with the analyte of interest. 
[0056] 'Analyte epitope . 'as used herein, denotes that 
part of the analyte which contacts one member of the 
specific ligand binding pair during the specific binding 
event. That part of the specific binding pair member 
which contacts the epitope of the analyte during the spe- 

so cific binding event is termed the 'paratope.' 

[0057] 'Analyte-mediated ligand binding event . ' as 
used herein, means a specific binding event between 
two members of a specrfk: ligand binding pair, the extent 
of the binding is influenced by the presence, and the 

ss amount present, of the analyte. This Influence usually 
occurs because the analyte contains a structure, or 
epitope, similar to or identical to the structure or epitode 
contained by one member of the specific ligand binding 
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pair, the recognition of which by the other member of the 
specific ligand binding pair results in the specific binding 
event. As a result, the anaiyte specifically binds to one 
member of the specific ligand binding pair, thereby pre- 
venting it from binding to the other member of the spe- 
cific ligand binding pair. 

[0058] 'Ancillary specific binding member ,' as used 
herein, is a specific binding member used in addition to 
the specific binding members of the captured reagent 
and the indicator reagent and becomes a part of the final 
binding complex. One or more ancillary specific binding 
members can be used in an assay. For example, an an- 
cillary specific binding member can be used in an assay 
where the indicator reagent is capable of binding the an- 
cillary specific binding member which in turn is capable 
of binding the anaiyte. 

[0059] 'Agglutination ,' means a reaction whereby 
particles suspended in a liquid collect into clumps. 
[0060] 'Associated .' as used herein, is the state of 
two or more molecules and/or particulates being held in 
close proximity to one another. 
[0061] 'Capture reagent , ' as used herein, is a specific 
binding member, capable of binding the anaiyte or indi- 
cator reagent, which can be directly or indirectly at- 
tached to a substantially solid material. The solid phase 
capture reagent complex can be used to separate the 
bound and unbound components of the assay. 
[0062] 'Conjugate .' as used herein. Is a substance 
fonned by the chemical coupling of one moiety to an- 
other. An example of such species include the reaction 
product of bovine serum albumin with chemically acti- 
vated theophylline molecules and the reaction product 
of chemically activated Raman-active labels with a pro- 
tein molecule, such as an antibody, or with a ligand, such 
as biotin. 

[O063] 'Enhancer ,' as used herein, is any substance 
which, when present in the test mixture, facilitates a 
binding, an association, or an agglutination event 
among particles or soluble substances In a solution or 
suspension. Enhancers function by changing the pH, 
Ionic, solvent or colligative properties of the liquid me- 
dium, or in other ways. Examples of enhancers include, 
but are not limited to: Salts, such as sodium chloride; 
any type of buffer preparation which would serve to 
maintain a desired pH; sugars; and polymers, such as 
polyethylene glycol. 

[0064] 'Indicator reagent. 'as used herein comprises 
a detectable label directly or Indirectly attached to a spe- 
cific binding member or metal surface. 
[0065] 'Intervening molecule , ' as used herein, is any 
substance to which both a specific binding pair member 
and a Raman-active label are attached. 
[0066] 'Particulate .* as used herein, Is any substance 
which can be dispersed in a liquid and which will support 
the phenomenon of a surface-enhanced Raman light 
scattering (SERS) or surface-enhanced resonance Ra- 
man light scattering (SERRS). Examples of particulates 
Include, but are not limited to: Colloids of gold or silver; 



particles or flakes of gold, silver, copper, or other sub- 
stances displaying conductance band electrons. As the 
particle surface participates in the SERS and SERRS 
effect, flakes or particles of substances not displaying 
5 conductance band electrons, which have been coated 
with a substance which does, also become suitable par- 
ticulates. 

[0067] 'Radiation .' as used herein, is an energy in the 
form of electromagnetic radiation which, when applied 

10 to a test mixture, causes a Raman spectrum to be pro- 
duced by the Raman-active label therein, and also caus- 
es the metal surface to support surface-enhanced Ra- 
man light scattering by the Raman-active labels, which 
become associated with the particulate surface. 

75 [0068] 'Raman-active label .' as used herein, is any 
substance which produces a detectable Raman spec- 
trum, which is distinguishable from the Raman spectra 
of other components present, when illuminated with a 
radiation of the proper wavelength. Other terms for a Ra- 

20 man-active label include dye and reporter molecule. 
[0069] 'SERRS (Surface Enhanced Resonance Ra- 
man Scattering) ' results yvhen the adsorbate at a SERS 
active surface is in resonance with the laser excitation 
wavelength. The resultant enhancement Is the product 

2S of the resonance and surface enh^cement. 

[0070] 'SERS (Surface-Enhanced Raman Scatter- 
ing) ' means the increase in Raman scattering exhibited 
by certain molecules In proximity to certain metal sur- 
faces. 

30 [0071] 'Specific binding member ,' as used herein, is 
a member of a specific binding pair, i.e., two different 
molecules where one of the molecules, through chemi- 
cal or physical means, specifically binds to the second 
molecule. In addition to antigen and antibody-specific 

35 binding pairs, other specific binding pairs include biotin 
and avidin, carbohydrates and lectins, complementary 
nucleotide sequences (including probe and captured 
nucleic acid sequences used in ON A hybridization as- 
says to detect a target nucleic acid sequence), comple- 

40 mentary peptide sequences, effector and receptor mol- 
ecules, enzyme cofactors and enzymes, enzyme inhib- 
itors and enzymes, and the like. Furthermore, specific 
binding pairs can include members that are analogs of 
the original specific binding member. For example a de- 

45 rivatlve or fragment of the anaiyte, I.e., an analyte-ana- 
log, can be used so long as it has at least one epitope 
in common with the anaiyte. Immunoreactive specific 
binding members include antigens, haptens, antibodies, 
and complexes thereof including those formed by re- 

so combinant DNA methods or peptide synthesis. 

[0072] 'Stabilizer .* as used herein, is a substance 
used as an additive with particulates, including colloids, 
which serve to maintain them In suspension with a re- 
duced tendency to associate. Typical examples of a sta- 

55 bilizer include Tween 20, Brij 35, Triton® X 100, poly- 
ethylene glycol, and bovine serum albumin. 
[0073] "Test mixture ." as used herein, means a mix- 
ture of the test sample and other substances used to 
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apply the present invention for the detection of analyte 
In the test sample. Examples of these substances in- 
clude: Specific binding members, ancillary binding 
members, analyte-analogs, Raman-active labels, buff- 
ers, diluents, and particulates with a surface capable of 
causing a surface-enhanced Raman spectroscopy, and 
others. 

[0074] 'Test sample. " as used herein, means the sam- 
ple containing the analyte to be detected and assayed 
using the present invention. The test sample can contain 
other components besides the analyte, can have the 
physical attributes of a liquid, or a solid, and can be of 
any size or volume, Including for example, a moving 
stream of liquid. The test sample can contain any sub- 
stances other than the analyte as long as the other sub- 
stances do no interfere with the specific binding of the 
specific binding member or with the analyte or the ana- 
lyte-analog. Examples of test samples include, but are 
not limited to: Serum, plasma, sputum, seminal fluid, 
urine, other body fluids, and environmental samples 
such as ground water or waste water, soil extracts and 
pesticide residues. 

Abbreviations 

[0075] 

HABA. 2-[4-hydroxyphenylazo]benzoic acid. 

DAB. p-dimethylaminoazobenzene. 

IgG. Immunoglobulin G. 

HTSH. Human thyroid stimulating hormone. 

PBS. Phosphate buffered saline 

BSA. Bovine Serum Albumin. 

TNBSA. 2.4,6-trinitrobenzene sulfonic acid. 

DAB-ITC. 4-dimethylamlnoa2obenzene-4'-!sothio- 

cyanate. 

DMF. Dimethyl tormamide. 
I.U. International units. 

Biotin - BSA - DAB Conjugate of biotinylated bovine 
serum albumin with 4-dimethylamtnoazobenzene- 

4'-isothiocyanat6 
DNP DInitrophenyl 

DNP-BSA DInitrophenyl Bovine Serum Albumin 
DNB Dinitrobenzene 

A. Alternative Preferred Embodiments 

1. Surfaces 

[0076] Many metallic materials and configurations 
may be used for the SERS active surface. These mate- 
rials (for example, silver, gold, copper, platinum etc.) 
could take the form of flat surfaces (electrodes, strips, 
slides, etc.) or particulates such as, for example, dis- 
persed colloids, particles, droplets, (i.e. mercury) flakes, 
or other relatively small, individual structures, or inert 
support structures for a metal of siKica, plastic, glass, pa- 
per, or other materials whteh may be in the form of nnac- 



roscopicaily flat or textured (ruled, etched, dimpled, or 
molded) pieces, slides, strips or spheroids, or fibers 
which are coated with the active material (e.g., silver, 
gold, etc.) such that they will support the surface en- 
5 hancement of Raman scattering described above. The 
surface or layer giving the enhancement can also be 
coated with another material (silica, plastic, oxide, etc.) 
to which the specific binding member is attached. 
[0077] The presence of photoexcitable surface plas- 
mons is generally considered necessary for surface en- 
hancement. In order for a surface to give a strong SERS 
effect. Its surface plasmons must be localized so that 
their resident energy is not dispersed. This can be ac- 
complished by dividing the conducting metal (usually sil- 
ver or gold) into small particles. In practce. the surface 
of a solid piece of metal can be electrochembally 
'roughened'. As In the examples which follow, silver 
particles can be precipitated from solution onto a sup- 
port, or silver can be deposited on a support by evapo- 
ration or sputter coating. Silver coated replica gratings 
also give strong SE RS enhancement as do silver coated 
surfaces which have been textured with bumps or posts, 
or coated with spheres, then coated with silver. 
[0078] An attractive surface for SER(R)S based as- 
says particularly suited for the present Invention is a par- 
ticulate in the form of a metal colloid. A metal colloid 
combines a very strong SER(R)S activity with the ad- 
vantage of a liquid medium that can readily be handled. 
The combination of a SER(R)S readout and a colk>idal 
reagent will allow assays to be run in a manner similar 
to that used for present clinical chemistry analysis. 
[0079] The metal colloids used in this Invention are 
composed of elemental silver or gold, but are not limited 
to these metals. For example colloids composed of cop- 
per, in addition to other metals, are known to provide for 
the SERS and SERRS effects. The dispersions of the 
metals can be prepared by the reduction of dilute salt 
solutions of the given metals. A variety of reducing 
agents, such as ascorbate, citrate, borohydride, or hy- 
drogen gas, can be used. The method of preparatton 
can effect the appearance and intensity of the resulting 
SERS or SERRS spectrum. However, this is not a lim- 
iting factor with respect to this invention. Thus, Example 
20 demonstrates that SERRS spectra for a 20: 1 mixture 
of two Raman-aclive labels, or dyes, methylene blue 
and oxazine 725, adsorbed to separate samples of col- 
told prepared by citrate reduction and by hydrogen gas 
reduction can be utilized even though the particulates 
and the spectra are different. 
[0080] Colloids made by these reduction methods 
usually have a negatively charged surface, originating 
from anions from the reducing agent and its' oxidation 
by-products and possibly metal oxide an tons, especially 
if the reducing agent is removed or in low concentration. 
The resulting mechanism of colloidal stabilization in 
these cases is believed to be electrostatic. The details 
of such mechanism are aptly described in the textbook 
by Paul C. Hiemenz, Principles of Col told and Surface 
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Chemistry . Marcel Dekker, 1977, Chapters 9 - 11. An- 
other mechanism of colloidal particle stabilization in sus- 
pension Is called steric stabilization. Steric stabilization 
Is distinguished from electrostatic stabilization in that 
the stabilizing moieties are uncharged. These moieties 
are almost always polymeric in nature and soluble or at 
least swellable in the continuous, i. e. solvent, phase of 
the dispersion. In this case, the term "polymeric' can de- 
scribe synthetic polymer molecules, such as polysty- 
rene or polyethylene oxide, or natural macromolecules, 
such as proteins, polypeptides, or carbohydrates. In 
practice, the stabilizing moiety is attached to the surface 
of the colloidal particle. A simplified explanation of this 
mechanism can be described for two particles having 
soluble stabilizing moieties attached to their surfaces. 
As the two particles approach each other, the concen- 
tration of stabilizer increases in the region between the 
two particles as a function of their separation distance. 
This also results in an increase in the degree of ordering 
of the soluble chains in this region. These occurrences 
are unfavorable from an osmotic and entropic stand- 
point, hence they reduce the tendency for particles to 
coalesce or associate in the absence of forces which 
could overcome these effects. An example of forces 
which could reduce the effectiveness of steric stabiliza- 
tion is heat, which increases the kinetic energy of the 
particles and could make the stabilizing moiety less sol- 
uble in the suspending medium. An example of this 
would occur if polyethylene oxide was the stabilizing 
moiety, anchored to colloidal particles suspended in wa- 
ter. Raising the temperature from room temperature to 
50 - 70" C reduces the solubility of the stabilizer and 
hence its effectiveness. Addition of a miscible non-sol- 
vent suspension would have a similar destabilizing ef- 
fect. Steric stabilization is not generally sensitive to the 
ionic strength of the continuous phase, unless it signif- 
icantly effects the solubility properties of the stabilizer 
The topic of steric stabilization is aptly covered in an ar- 
ticle by Donald H. Napper, "Steric Stabilization,* J. Col- 
loid Interface Sci., 58, 390 1977. 
[0081] A third mechanism for the stabilization of col- 
loidal particulates is depletion stabilization. This method 
also uses soluble stabilizing nK>ieties; however, It Is not 
a requirement that they be attached to the surface of the 
colloidal particle. This type of stabilization may be gen- 
erated by simply dissolving a non-ionic polymer in the 
dispersing medium. Stability arises from the depletion 
of the concentratbn of free polymeric species between 
the surfaces of the particles when they approach in 
close proximity. This process is aptly described in an ar- 
ticle by Robert I. Feign and Donald H. Napper, "Deple- 
tion Stabilization and Depletion Floccuiation," J. Colbid 
Interface Sci., 75, 525, 1980. 

[0082] Particulates which are colloidal in nature are 
most preferred for use in the present invention. They are 
influenced to varying degrees by each of these stabiliz- 
ing mechanisms. For example, this invention can use 
as a component a metal colloid which has attached to 



or associated with it a Raman -active label, sometimes 
referred to as "a dye or reporter molecules." These la- 
bets can be attached to the metal by simple hydrophobic 
adsorption or through chemisorptlon, whereby there is 
s a specific chemical interaction of the metal with a spe- 
cific functional group on the label. An example of chem- 
isorptlon to a metal is the interaction of thiol groups with 
a silver surface, forming silver-sulfur chemisorptlon 
bonds. In a metal colloid made under reducing condi- 

10 lions, disulfide moieties can be added to the colloid, and 
many will be reduced at the metal surface forming thiols, 
which can subsequently chemisorb to the metal surface. 
Amino groups also can have an affinity for certain metal 
surfaces, but it Is generally thought to be a weaker in- 

is teractkyi than with thiols. When a label is added to a 
negatively charged metal colloid, and that label contains 
a group of opposite charge, such as an amino group, 
charge neutralization can occur resulting In aggregation 
o1 the colloid, in these cases, it is desirable to add sta- 

20 billzers to the dispersing medium v^ereby they can at- 
tach to the particles and provide steric stabilization or 
remain free in solution and provide depletion stabiliza- 
tion. These stabilization processes are generally insen- 
sitive to ionic effects. In practice, commercial non-ionic 

2S stabilizers, such as Tween 20 or Brij 35, or natural sta- 
bilizers, such as albumin, gamma globulins, or specific 
gamma globulins which can also serve as specific bind- 
ing members in immunoassays, can be added prior to 
the addition of the Raman-active label, or dye. 

30 [0083] Calculations by P. K. Aravind, A. Nitzan, and H. 
Metiu, Surface Sci., 110, 189, 1981, show that the exci- 
tation spectrum and local fields for two small (Rayleigh 
limit) spheres, separated by small distances, are very 
different from any obvious superposition of the single- 
as sphere behavior. A new resonance appears at lower fre- 
quency than that of the single sphere case, and the 
square of the local field between the spheres is, for sil- 
ver, an order of magnitude larger than for a single 
sphere. H. Metiu In his review, entitled, "Surface En- 

40 hanced Spectroscopy' in Progress in Surface Science, 
Vol. 17, pp. 153-320, 1984, states, on page 238, that 
emission enhancement is also expected to increase by 
a factor of 10 in this case and the enhanced Rannan 
spectrum of a molecule located between two silver 

45 spheres could be a hundred times larger than that of a 
molecule located neara single sphere. He further points 
out that particle coagulation can alter radically the elec- 
trodynamic behavn'or of the colloidal system and it 
should be avoided in measurements which intend to 

so provide a test of single-sphere theory. 

[0084] In the present study, it was found that the 
SERRS spectra of Raman-active labels located near or 
associated with the surface of metal colloids associated 
with a specific binding member was affected by the ad- 

ss dition of its complementary specific binding member. It 
is thus possible to speculate that the electrodynamic be- 
havior of the suspensions described in the assay exam- 
ples which follow are changed in a way detectable by 
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the SERRS behavior ot the dye label. This may be due 
to the association of colloidal particles, modulated by 

the Interaction of an analyte with its binding member 
which is immobilized on the colloid surlaces. 

2. Attachment of Specific Binding l\/lembers to SERS- 
Active Surfaces 

[0085] A specific binding member can be attached to 
the SERS-active surface by direct adsorption, attach- 
ment through an Intervening molecule or a linker ami, 
covalently attached to the specific binding member, or 
by the covalent attachment of the specific binding mem- 
ber to a coating on the SERS-active surface directly or 
through a linker arm or by intercalation of the distal por- 
tion of a tinker arm into the enhancing surface. 

3. Raman-Active Labels, 

[0086] The Raman-active labels, can be any one of a 

number of molecules with distinctive Raman scattering 
patterns. Unlike the enzymes used in enzyme Immu- 
noassays, these label species can be stable, simple, in- 
expensive molecules which can be chemically modified 
as required. 

[0087] The following attributes enhance the effective- 
ness of the label in this application: 

(a) A strong absorption band in the vicinity of the 
laser excitation wavelength (extinction coefficient 
near 10^); 

(b) A functional group which will enable covalent at- 
tachment to a specific binding member; 

(c) Photostability; 

(d) Sufficient surface and resonance enhancement 
to allow detection limits in the subnanogram range; 

(e) Minimal interference in the binding interaction 
between the labeled and unlabeled specific binding 
members; 

(f) Minimal exhibition of strong fluorescence emis- 
sion at the excitation -wave length used; 

(g) A relatively simple scattering pattern with a few 
intense peaks; and/or 

(h) Labels with scattering patterns which do not In- 
terfere with each other so several indk:ator mole- 
cules may be analyzed simultaneously. 

[0088] The following Is a listing of some, but not all 
potential candidates for these Raman-active label: 4- 
(4-Amtnophenylazo)phenylarsonic acid monosodium 
salt, arsenazo I, basic fuchsin, Chicago sky blue, direct 
red 81, disperse orange 3, HABA{2-(4-hydroxyphenyla- 
zo)-benzoic acid), erythrosin B, trypan blue, ponceau S, 
ponceau SS, 1,5-difluoro-2,4-dinitrobenzene. cresyl vi- 
olet and p-dimethylaminoazobenzene. The chosen la- 
bels may be covalently attached to the specific binding 
members of interest or attached or associated with. 



4. Excitation Sources 

[0089] In the preferred embodiment, a laser serves as 
the excitation source. The laser may be of an inexpen- 
s sive type such as a heliumneon or diode laser. An op- 
erating lifetime of such lasers may be in excess of 
50,000 hours. 

[0090] In one embodiment, a diode laser is used to 
excite at or at the near I R spectmm, minimizing fluores- 
cence interference. The excitation sources used need 
not necessarily be monochromatic and they also need 
not necessarily have to be of high Intensity Lamps may 
also be used. 

[0091] The SERS effect can be excited by direct illu- 
mination of the surface or by evanescent waves from a 
waveguide beneath the plasmon-active surface. 

5. Conjugates 

[0092] Several different conjugates could be pre- 
pared from specific binding members having different 
specificities, each type with a different Raman active la- 
bel having a distinctive scattering pattern. Mixing these 
conjugates in an assay would altow the simultaneous 
analysis of several different analytes In the same sam- 
ple. 

6. Detectk^n. 

[0093] Several methods are available for detecting 

Raman scattering. These generally can be used with dif- 
ferent types of spectrometers. In SERS, the primary 
measurement is one of light scattering intensity at par- 
ticular wavelengths. SERS requires measuring wave- 
length-shifted scattering intensity in the presence of an 
Intense background from the excitation beam. The use 
ot a Raman-active substance having a large Stokes shift 
simplifies this measurement 

[0094] Several concepts for further simplifying the re- 
adout Instrument have been proposed. These include 
the use of wavelength selective mirrors, filters or holo- 
graphic optical elements for scattered light collection. 
[0095] Neither the angle of the Incident light beam to 
the surface nor the position of the detector is critical us- 
ing SERS. With flat surfaces positioning the surface of 
the laser beam at 60 degrees to the nomrial is commonly 
done and detection at either 90 degrees or 180 degrees 
to the beam are standard. SERS excitation can be per- 
formed In the near infrared range which would suppress 
intrinsic sample fluorescence. It may also be possible to 
perform SERS-based ligand binding assays using eva- 
nescent waves produced by optical waveguides, 
[0096] No signal development time is required as re- 
adout begins immediately upon illumination and data 
can be collected for as long as desired without decay of 
signal unless the excitation light is extremely intense 
and chemical changes occur. The signal cannot over- 
devektp as In systems dependent on optnal absorb- 
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ance. Unlike fluorescent readout systems, SERS report- 
er groups will not self-quench so the signal can be en- 
hanced by increasing the number of Raman reporter 
groups on the probe molecule. Fluorescent molecules 
near the SERS-active surface will actually be surface- 
quenched. 

7. Instrumentation 

[0097] The present invention is adaptable for use as 
an automatic analyzer. Since the instrument would mon- 
itor discrete Stokes shifted spectral lines, the need for 
an elaborate monochromator system is not necessary. 
Recent advances in state-of-the-art optics technology, 
such as holographic optica! elements, allow the design 
of a suitable spectrometer with cost and complexity be- 
low that of the laboratory grade device. 
[0098] Optical readout energies as a result of SERS 
are above that which require ultra-sensitive photon 
counting devices. In fact, some SERRS spectrometers 
now in use incorporate silicon photodiode detectors. 
The optical efficiency of a typical monochromator used 
in a laboratory grade spectrometer is less than 1 0%. The 
advances in optical materials and components men- 
tioned above should make possible two to throe-foid in- 
creases in optical efficiency for a simple spectrometer 
dedicated to only a few specific spectra! lines. This also 
addresses one of the previously major concerns, block- 
ing of the Rayleigh scattering line. With blocking capa- 
bilities of newer filters on the order of 10"^, substitution 
of filters for one or more stages of the typical mono- 
chrometer system should be possible with significant 
cost savings. 

a Devices for Analysis 

[0099] The general technology for analyzing an ana- 
lyte in a test sample by means of a chromatographic 
binding assay is known in the art. For example, Deutsch 
et al. describe chromatographk; test strip device in U.S. 
Pat. Nos. 4,094,647, 4.235,601 and 4,361,537. These 
references are herein incorporated by reference. Varia- 
tions on the Deutsch el al. device have been disclosed 
in U.S. Pat. Nos. 4,366.241 and 4,188,146. Zuk et al.. 
'Enzyme Immunochromatography. A quantitative Imu- 
noassay Requiring No Instrumentation,* Clin. Chem., 
31, 1144, 1985, further describe the assay principle. Al- 
so of interest are U.S. Patent Nos. 4,298,688; 
4.517,288; 4,740,468; and 4.366,241; E.R Publication 
Nos. 88,636; 259,157; and 267.006. 

B. EXAMPLES 

Example 1 

Preparation Of Silver Surfaces 

[01 00] Support surfaces - Supports for the silver films 



were either flat, frosted glass pieces cut from micro- 
scope slides or quartz pieces cut from 4 in. X 4 in. X 20 
mil. quartz substrates (General Electrk; Type 124). 
[0101] Chemical deposition - Silver was deposited on 
5 support surfaces by chemical reduction of silver nitrate 
as previously described by Ni and Cotton. Anal. Chem., 
58. 3159, 1986. Tollens reagent was used to deposit the 
silver. Tollen's reagent was prepared in a small beaker 
by adding about 10 drops of fresh 5% NaOH solution to 

10 10 mL of 2-3% AgNOs solution, whereupon a dark- 
brown AgOH precipitate Is formed. This step was fol- 
towed by dropwise addition of concentrated NH4OH, at 
which point the precipitate redissolves. The beaker con- 
taining the clear Tollen's reagent was then placed in an 

15 ice bath. The frosted slides, whk;h had been cleaned 
with nitric acid and distilled water, were placed into a 
Teflon frame, which could accommodate up to 15 slides, 
and placed into the Tollen's reagent. Three milliliters of 
100/0 D-glucose was added to the solution with careful 

20 swirling to ensure mixing. The beaker was then renrx>ved 
from the ice bath and the solution allowed to reach room 
temperature. The beaker was placed into a water bath 
(SS'C) for 1 min followed by sonication for 1 min (Bran- 
son Sonicator, Model B22-4, 125 W). Finally, the silver- 

ss coated slides were rinsed several times with distilled wa- 
ter and again sonicated in distilled water for 30 sec. The 
slides were then stored in distilled water for several 
hours prior to exposure to the adsorbate solution. By use 
of this procedure, slides were found to be stable in dts- 

30 tilled water for up to 1 week. 

[0102] The surfaces were yellow by transmitted light 
and demonstrated a coarse, granular appearance by 
scanning electron microscopy. Aprofilometer probe tra- 
versing the surface revealed many prominences, some 

35 approaching 10^ nm in height (Fig. 1). A cross section 
of the silver layer generated by scratching the surface 
with a stylus revealed it to be composed of partially 
fused spheroids approximately 100 nm in diameter. The 
step produced by scratching the silver off the substrate 

40 was found to be approximately 1 30 nm thick by profilom- 
etry. 

[0103] Sputter coating - Quartz pieces were coated 
with a 75A layer of silver by sputter coating using a Per- 
kin-Elmer Randex f^el 2400-85A while being rotated 
« at 2.25 rpm for 4.5 min at a distance of 6.75 cm from the 
silver target. A forward power of 200 W and an argon 
flow rate of 12.25 cc/min were used. The silver film was 
transparent and blue by transmitted light. Scanning 
electron microscopy at a 2500-fold enlargement 
so showed a fine-grained featureless surface. 

[0104] Silver electrodes - Silver electrodes were pre- 
pared as previously described by Ni and Cotton, J. Ra- 
man Spectroscopy, 19, 429, 1 988. They were const met- 
ed by sealing a flattened silver wire into a glass tube 
55 with Torr Seal. The exposed surface was rectangular 
with dimensions of approximately 2 x 10 mm. The elec- 
trode was polished with a slurry of 0.3 ^m alumina In 
water on a mechanical polishing wheel. It was then 
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rinsed and sonicated in distilled water to remove any 
alumina which might have adhered to the surface. This 
step was followed by roughening the electrode by an 
oxidation-reduction cycle (ORG), consisting of a double 
potential step from an initial potential of -550 mV to +500 
mV and back to -550 mV in 0.1 M Na2S04 solution. An 
Ag-AgCI electrode was used as the reference electrode 
and a Pt electrode as the auxiliary electrode. The total 
charge passed during the oxidation step was equivalent 
to 25 mC cm-2. 

[0105] Silver colloids - Silver colloids were prepared 
by a modification of the procedure of Lee and Meisel. J. 
Phys. Chem. 86, 3391. 1982. An aliquot of 90 mg of sil- 
ver nitrate was dissolved in 500 ml of distilled water and 
brought to boiling. A 1 0 ml solution of 1 % sodium citrate 
was added all at once and the solution was stirred for 
45 minutes, during which the silver colloid formed. The 
colloid was cooled to room temperature and stored tor 
use without further purification. Typical particle sizes re- 
sulting from such preparations rangedf rom 20 to 80 nm. 

Example 2 

Preparation of Dye-Antibody Conjugates 

[0106] Antibody (2 mg) was dissolved in 2 ml of 1% 
NaHCOs pH 8.6, and a 20-ul aliquot of a solution of 1 
mg/ml 4-dimethylaminoazobenzene-4'-isothiocyanate 
in dimethylformamide (DMF) added. The mixture was 
stirred overnight, then desalted on a Sephadex G-25 
(coarse) column (1 X 30 cm). The ultraviolet-and visible 
spectrum of the conjugate was compared to that of DAB 
and antibody alone, to determine the degree of substi- 
tution. An erythrosin-antibody conjugate was prepared 
the same way, except the concentration of the eryth- 
rosin-isothiocyanato In DMF was 2.5 mg/ml. 

Example 3 * 

Conjugation Of DINITROPHENYL (DNP) Groups To 
Bovine Serum Albumin To Form a DNP'BSA 
Conjugate 

[0107] A solution of 2 ml of 2,4-dinitrofluorobenzene 
in 150 ml of ethanot was mixed with a solut'ion of 200 
mg of iDovine serum albumin and 10 g NagCOQ In 100 
mi distilled water. The mixture was stirred for 24 h and 
centrif uged at 3000 x g for 20 min to remove precipitated 
material and the supernate was dialyzed against 6 liters 
of phosphate-buffered saline (PBS) for 23 h, then 
against two changes of 2 liters of PBS for 6 h each, and 
finally against two changes of 2 liters of distilled water, 
6 h each. Dialysis was carried out at room temperature 
with 0.02% sodium azide present in all solutions, except 
the final 2 liters of water. The contents of the dialysis 
bag were then lyophilized to dryness, yielding 136 mg. 
A sample was compressed into a potassium bromide 
pellet and its infrared spectrum recorded on a Nicolet 



60 SX FT infrared spectrometer. A strong vibrational 
band at 1 340 cm'"" not inherent to native BSA, indicated 
introduction of nitro groups (data not shown). The de- 
gree of substitution of the BSA was determined by com- 
s paring the degree to which BSA and the nitro-BSA con- 
jugate could be derivatized with 2,4,6-trinitrobenzene- 
sulfonic acid (TNBSA). After reaction w'rth TNBSA, the 
average absorbance at 330 nm of a 1 mg/ml solution of 
native BSA increased from 0 to 1.5 as the result of the 
derivatization of free amino groups. The same concen- 
tration of the DNP-BSA conjugate had an initial absorb- 
ance at 330 nm of 1 .2 (from the DNP groups) which did 
not increase after incubation with the TNBSA reagent. 
It can be concluded that essentially all the available ami- 
no groups in the DNP-BSA conjugate had been deriva- 
tized with DNP by the Sanger's reagent. 

Example 4 



Conjugate Alasorbed to Silver Films 

[0108] Freshly prepared silver-coated slides (chemi- 
cally deposited) were incubated in buffer (pH 8.6) con- 
25 taining free dinitrobenzene (DNB) (Fig. 2 A) or DNP-BSA 
conjugate (Fig. 2B), and SERS spectra obtained in both 
cases. Similar peak intensities were observed with free 
DNB at 10-3 M and DNP-BSA at lO'^ M with respect to 
DNP moieties (2 X lO'^ BSA), respectively. The four or- 
30 ders of magnitude difference in the specific intensity of 
surface-enhanced Raman light scatter observed be- 
tween the free DNB and the DNP moieties of the DNP- 
BSA conjugate represents the greater ability of the latter 
to adsorb to the island film surface, thereby enabling its 
3S DNP moieties to display the SERS enhancement. A 
10-3 m solution of DNB in the absence of an island film 
gave a very weak Raman spectrum (Fig. 20). 

Example 5 

40 

Use of a Raman-Active Dye to Demonstrate Surface 
- Enhanced Resonance Raman Spectroscopy 

[0109] An avidin molecule will bind four molecules of 
45 the dye H ABA, with an affinity constant of Kg = 5.8 X 1 0^ 
liter/mol at pH 7.0. Because this dye has a major spec- 
tral absorption at a wavelength which can be used to 
excite Raman light scattering (absorption maximum = 
495 nm when bound to avidin at pH 7), it is capable of 
so SERRS. 

[0110] Chemically deposited silver films, with and 
without prior coating with avidin, were incubated in a 
3mM solution of HABA. The films were then removed 
from the HABA solution and washed with PBS, and their 
55 Raman spectra taken. Figure 3A is the spectrum ob- 
tained when HABA is adsorbed directly onto the surface 
of a silver film. A single major peak of light scattering 
intensity is obsen/ed at 1406 wavenumbers, with a 
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shoulder at 1459 and minor peaks at 1188 and 1139 
cm*^ The spectrum shown in Fig. SB was obtained 
when a silver film was first incubated for 20 min at room 
temperature in a 2.5 X 10'^ M solution of avidin, then 
HABA added to a final concentration of approximately 
0.3 mM, and incubation continued for an additional 20 
min. Under these conditions, the major peak of Raman 
scattering intensity is observed at 1610 cm"'' with sev- 
eral smaller peaks appearing between 1160 and 1491 
cm*^ The large peak at 1406 cnr seen in the absence 
of avidin, is no longer obsen/ed. In the absence of 
HABA, an avidln-coated silver film gave no discernible 
spectrum in this region (Fig. 3C). 

Example 6 

Dye-Antibody Conjugates and Raman Readout in a 
Sandwich Immunoassay 

[0111] Silver electrodes were incubated at 37* C for 

1 h in 1 ml aliquots of a solution of 20 p.g/ml anti-TSH 
antibody in 1% NAHCO3, pH 8.6, and then over-coated 
for an additional hour in 1% BSA in PBS at 37* C. The 
films were then incubated for 1 h at 37° C in the 0, 4, 
1 0, 25 or 60 ^lU/ml TSIH antigen standards from the Ab- 
bott TSH EIA Abbott No. 6207. After being washed 
three times with PBS, the films were transferred to test 
tubes containing 1 ml of the DAB-anti-TSH antibody 
conjugate at a concentration of 40p.g/ml. incubated for 
an additional hour at 37" C, washed again, and the 
SERRS spectra obtained. 

[0112] SERRS spectra were obtained at five different 
places along each electrode and the results recorded. 
A combined plot of typical spectra obtained is shown in 
Fig. 4 for the five concentrations of TSH antigen studied. 
The averaged peai< intensities at 1151 cm""" were used 
to generate a signal vs. concentration curve (Fig. 5). The 
same standards were also assayed using a modified 
commercial enzyme immunoassay (Abbott No. 6207, 
Fig. 6). Comparison of the two plots shows that the re- 
sponse obtained using the SERRS readout is similar to 
that given by the enzyme immunoassay, except for an 
anonnalously high value for the zero antigen standard. 
This h igh zero reading was consistent upon reassay and 
must reflect a difference in composition between the ze- 
ro standard and the other standards which does not ef- 
fect results obtained by enzyme Immunoassay. 

Example 7 

No Wash Immunoassay 

[01 1 3] A solution of 1 % ascorbic acW was added to a 

silver colloid (approximately 0.02% solids, 30 +/-5 nm 
particle diameter) to a final concentration of 1 mM. To 
individual 3.0 ml aliquots of colloid solution were added 
0.015 ml each of anti-human thyroid stimulating hor- 
mone antibody (1 mg/ml in phosphate buffered saline). 



The pH of the antibody-coated sol was then adjusted to 
7.4 with phosphate buffer. 

[0114] To one sample of antibody-coated sot was add- 
ed 0.015 ml of 60 ^.I.U./ml human thyroid stimulating 

s hormone (HTSH) standard. To the second sample was 
added 0.015 ml of 0 nl.U./ml HTSH standard. Both 
standards were contained in a pig serum matrix. An 
amount of 0.015 ml of p-dimethylaminoazobenezene- 
anti-TSH (DAB-ANTI-TSH) conjugate were added to 

10 each sample and incubated. After 20 minutes the sur- 
face-enhanced Raman spectra were recorded. The re- 
suKs showed approximately 2 times as intense a signal 
at a Raman shift of 1403 cm'\ the strongest peak in the 
spectrum of the DAB dye. for the sample with the 60 ^1. 

15 u./ml HTSH compared to the 0 \iHJ./m\ sample. 

Example 8 

[0116] Demonstration of SERS on Protein-[3ve 
20 Conlugates using Near Infrared Excilation 

[0116] A chemically deposited silver film was im- 
mersed in water in a cuvette and the SERS spectrum 
was recorded using a Bomem Raman spectrometer us- 
ing excitation from a Nd:Yag laser at 1 .06 nm. There was 
ss essentially no spectrum that was discemable from ran- 
dom noise. An aqueous solution of a p-dimethylaminoa- 
zobenzene-bovine serum albumin conjugate at 20 mg/ 
m! was also scanned, but in the absence of any silver 
surface. Once again virtually no usable spectrum was 
30 distinguishable from the noise at the concentration 
used. This data was summed and plotted, and served 
as the blank for the experiment (Fig. 7A). The silver film 
used in the blank above was then added to the cuvette 
containing the dye-protein conjugate and the Raman 
3S spectrum taken. The data from the blank runs were sub- 
tracted giving the resultant SERS spectrum of the dye 
(Fig. 7B), which showed strong Raman scattering at Ra- 
man shifts of 1400 and 1144 cm^^. 

40 Example 9 

Preparation Of Gold Colloid 

[0117] A clean 1000 ml round bottom flask was 
45 washed with Alconox™ soap and rinsed several times 
with distilled water The flask was equipped with a mag- 
netic stirrer and a heating mantle. Hydrogen tetrachlo- 
roaurate trihydrate (0.058 g) was dissolved in 5 ml of 
distilled water. The flask was charged with 600 m! of dis- 
so tilled water and was heated to boiling with stirring. The 
gold salt solution was added to the flask, followed by 3.8 
ml of 1.0% sodium citrate solution. Colloid formation 
was evkJent after 20 seconds by a change in color from 
a light yellow solution transitioning through the following 
55 colors: purple-to-gray-to-red, and finally lavender-red. 
No aggregation was visible to the eye. Electron micro- 
scopy of samples made by this procedure yielded par- 
ticles in the 50 - 60 nm diameter range. 
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Example 10 

Preparatton Of An Antl-HCG Gold Colloid SERRS 
Reagent f Method 1> 

[0118] Gold colloid (10.0 ml) was adjusted to pH 6.5 
- 7.0 using 0.02 M K2CO3. Two antibodies, one mouse 
monoclonal and the other polyclonal, which specifically 
bind to human chorionic gonadotropin (HCG) {the ana- 
lyte of interest in tests using this reagent) were diluted 
separately in 5 mM NaCl to 1 .00 mg/ml. Gold colloid was 
aliquoted into two 5 ml samples. To one sample was 
added 25 iil of polyclonal antibody and lo the other sam- 
ples was added 25 \i\ of monoclonal antibody. The indi- 
vidual colloid samples were mixed by gentle shaking 
and were then incubated at room temperature for 10 
min. After incubation. 100 \ii of polyethylene glycol (car- 
bowax 20M) solution at 10 g/l was added to each 5 ml 
aliquot and they were incubated for 1 hour at roonn tem- 
perature. After incubation the gold colloids were trans- 
ferred to 1 .7 ml microfuge tubes and centrif uged for 5 
minutes at approximately 5000 x g, forming distinct pel- 
lets. The supematant was removed and replaced with 
0.2 g/l carbowax 20 M. The pellet was redispersed with 
gentle shaking. This centrifugation and washing was re- 
peated for a total of 3 times. The sols containing like 
antibody were recombined. To obtain a colloidal reagent 
for use in the assay by Surface-Enhanced Raman Scat- 
tering Spectroscopy equal volumes of the two colloids 
(polyclonal-coated and monoclonal-coated) were mixed 
together before use. 

Example 11 

Preparation Of An Anti-HCG Gold Colloid SERRS 
Reagent (Method 2) 

[01 1 9] Gold colloid (30.0ml) was adjusted to pH 6.5 - 
7.0 using 0.02 M K2CO3. Two antibodies, one nrrause 
monoclonal and the other polyclonal, which specifically 
bind to human chorionic gonadotropin (HCG) (the ana- 
lyte of interest in tests using this reagent) were diluted 
separately The polyclonal antibody was diluted in 0.01 
citrate buffer, pH 5.3 at a concentration of 0.250 |ig/ml. 
The monoclonal antibody was diluted into 5 mM NaCI, 
pH 7.0. at a concentration of 0.250 jig/ml. Gold sol was 
aliquoted into two 15 ml samples. To one sample was 
added 150 of polyclonal antibody and to the other 
sample was added 300 }i! of monoclonal antibody. Each 
colloid was mixed by gentle shaking and were then in- 
cubated at room temperature for 10 min. After incuba- 
tion, 300 pJ of polyethylene glycol (carbowax 20M) so- 
lution at 10 g/l in 5 mM NaCI, pH 7.2, was added to each 
15 ml aliquot and they were incubated for 1 hour at room 
temperature. After incubation the gold colloids were 
added to 1 .7 ml microfuge tubes and centrlfuged for 5 
minutes at approximately 5000 x g forming distinct pel- 
lets. The supematants were removed and replaced with 



carbowax 20M (1 0 g/l in 5 mM NaCI, pH 7.2). The pellets 
was redispersed with gentle shaking. The centrifugation 
was repeated a second time, but this time, the superna- 
tant was replaced with carbowax 20 M at 0.2 g/l, 66 mM 

s NaCI, pH 7.2. The colloids containing like antibody were 
recombined. To obtain a colloidal reagent for use in the 
assay by Surface-Enhanced Ranran Scattering Spec- 
troscopy, equal volumes of the two colloids (polyclonal- 
coated and monocbnal-coated) were mixed together 

10 before use. 

Example 12 

SERRS No-Wash Immunoassay For HCG. 

15 

[0120] HCG standards were made up in pig serum at 
0. 31, 63, 125, 250, 500, 1000, and 2000 ml.U./ml. This 
dilution procedure involved adding small volumes of 
concentrated HCG to large volumes of serum, hence the 

so total amount of protein in each sample was the same, 
but varied only in the level of HCG present. Microtiter 
wells were used as mixing chambers for the test and to 
each well was added 1 0 p.1 of HCG standard at a given 
concentration. This was followed by 200 (il of gold col- 

25 loid immunoreagent. To mn the test, the mixture was re- 
moved from the well and added to a mini-test tube, and 
5p.l of an aqueous cresyt violet solution (1 .35 pg/ml) was 
added. The suspensk^n was mixed by vortexing and 
read immediately by recording the surface-enhanced 

30 Raman spectrum originating from the cresyl violet dye. 
The strongest peak was at a Raman shift of 591 cm^^ 
Iromthe excitation wavelength of 647.1 nm. The meas- 
ured the intensity of that peak decreased as a function 
of the HCG concentration, allowing a standard assay 

35 curve to be generated as shown in Fig. 8. 

Example 13 

SERRS No-Wash Immunoassay For HCG . 

40 

[0121] Example 12 was repeated witti the following 
changes: 

1. The HCG standards were made up in human se- 
45 rum instead of pig serum. 

2. 5 ^1 of each standard was added per well instead 
of 10 Hi. 

The standard assay curve is shown in Fig. 9. 

so 

Example 14 

Preparation of Silver Colloid 

55 [0122] A 1000 ml pyrex round bottomed flask and 
glass stirrer assembly were pre-c leaned by soaking 
overnight in aqua regia. The stirrer consisted of a glass 
shaft with a 1 1nch diameter glass ring fused to the end. 
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Freely attached to this ring were two additional 1 inch 
diameter rings arranged in a fashion similar to keys on 
a l<ey chain, and these two rings served as "paddles". 
The flask and stirrer were rinsed 10 times with approx- 
imately 1000 ml allquots of tap distilled water. Then it 
was washed with Alkonox™ soap solution, followed by 
ten more washes with distilled water and finally 5 wash- 
es with distilled water (18 mohs conductivity) prepared 
on a l\/llllipore Milll-Q™ water system. 
[01 23] The flask was charged with 500 ml of "Milli-Q" 
water. To the water was added 90 mg of reagent grade 
silver nitrate and the flask was brought to a slow boil 
with stirring. Immediately after boiling began to occur, 
10 ml of 1.0% sodium citrate was added. Within 5 min- 
utes the reactfon turned yellow, transitioned through a 
gray-green color and finally stabilized to a dull translu- 
cent green color. Heating near the boiling point was con- 
tinued for a total of 45 minutes. 

Example 15A 

SERRS Detection of the immune Reaction Between 
Sheep Antl-Tiieophvlllne and Bovine Serum 
Albumin (BSA) -Theophylline Conjugate 

[0124] BSA-theophylline conjugate which contains an 
average of 17 theophylline molecules per BSA molecule 
was diluted to 1 00 p.g/ml in 0.02% sodiumcltrate. Sheep 
anti-theophylline was diluted to 210 ^g/ml in 0.02% so- 
dium citrate. A dye solution was prepared consisting of 
N,N,dimethylaniline-4 azoben2yo-4-thiocarbamoyl 
ethyl aminoethyldisulfide at approximately 20 ^g/ml in a 
solvent mixture of ethyl acetate/tetrahydrofuran/metha- 
nol/water (1/1/2/2 by volume). Pre-incubated 20 ^il of 
BSA-theophylline with 14 p.1 of sheep anti-theophylline 
for 10 minutes at 37° C. Then 0.5 ml of silver colloip was 
added. No aggregation was visibly evident. Then 5 ^1 of 
dye solution was added and incubated for 90 minutes 
at 37* C. immediately after incubation the surface-en- 
hanced Raman spectrum was recorded using an argon 
Ion laser at 488 nm excitation. The spectrum displayed 
a strong peak at a l^aman shift of 1410 cm-i , attributa- 
ble to the diazo functionality of the dye 

Example 158 

Controi Experiment 

[0125] In this experiment an anti-streptococus IgG 
was substituted at the same concentration, tor the anti- 
theophylline IgG, and the same assay conditions as de- 
scribed in Example 1 5 A were followed. Recording of the 
Raman spectrum showed several peaks attributable to 
the dye, where the strongest peak was at a Raman shift 
of 1410 cm*^ from the laser wavelength of 488 nm The 
intensities of these peaks were only 13% of those gen- 
erated when anti-theophylline was used. 



Example 15C 
Controi Experiment 

s [0126] In this experiment BSA was substituted for the 
BSA-theophylline anti-theophylline conjugate used in 
conjunction with antibody under the same concentra- 
tions and conditions as described in Example 15A were 
followed. Recording of the i^man spectrum showed 

10 several peaks attributable to the dye. where the strong- 
est peak was at a Raman shift of 1410 cm-"" from the 
laser wavelength of 488 nm The intensities of these 
peaks were only 16% of those generated when BSA- 
theophyltine conjugate was used. 

IS 

Example 15D 

[0127] A dye-tabeied metal colloid could be prepared 
by mixing 5 ul of a 20 |ig/ml dye solution with 1 - 0.5 ml 

20 of collokl, and this reagent can be used in example 1 5A, 
In place of the sequential addition of colloid followed by 
dye. To prevent destabilization of the colloid by the dye, 
the colloid can be overcoated with a dilute (less than 1 
^g/ml) solution of another protein such as bovine serum 

2S albumin or commercial surfactants such as Tween 20 or 
Brij 35 prior to additbn of the dye. 

Example 16 

30 No-Wash Immunoassay for Theophylline using a 
Competrtive Format 

[0128] Theophylline was dissolved at 140. 70, 30, 6, 
2.8. 0.55 and 0.0 |ig/ml in 0.02% citrate Aliquoted 100 

35 ^l\ samples of each concentration into test tubes. Aliq- 
uoted 14 |xl of sheep anti-theophylline as described in 
example 7a into each of the tubes and incubated for 30 
minutes at room temperature. Added 20 \i\ BSA-theo- 
phylline conjugate as described In example 7a to each 

40 tube, mixed by vortexing and added sequentially 0.5 ml 
of silver colloid and 5 )il of dye solution as described in 
example 1 5A. Within one minute the sample was placed 
inthe Raman spectrometer and the surface-enhanced 
Raman spectrum was recorded using an argon ion laser 

4S at 488 nm excitation. The relative Intensity of the peak 
at a Raman shift of 1410 cm- 1. attributable to the diazo 
functionality of the dye, was measured and plotted as a 
function of theophylline concentration present in the col- 
toidtest sample, as shown in Fig. 10. 

so 

Example 17 

Preparation of a conjugate of Blotlnylated Bovine 
Serum Albumin with 4 -dimethylamlnoazobenzene 
ss -4''lsothlocvanate miotln-BSA-DABl Abbreviation 
for the conjugate is (Biotin-BSA-DAB} 

[01 29] Biotinylated bovine serum albumin (purchased 



16 



29 



EP 0 587 008 B1 



30 



from Sigma Chemical Co.) (2 mg) was dissolved in 2 ml 
of 1% NaHCOs, pH 8.6, and a 20 ^li aliquot of a solution 
of 1 mg/ml 4-dimelhylaminoazobenzene-4'-isothiocy- 
anate in dimethyl tormamide was added. The mixture 
was stin-ed overnight, then desalted on a Sephadex® 
G-25 (coarse) column (1X30 cm). 

Example 18 

No-Wash Detection of the InhibHIon of Binding of 
Biotinylated Bovine Serum Albumin (BSA) to 
Streptavldin-Coated Sliver Colloids By SERRS. 

[0130] Streptavidin (408 ^, at 0. 1 mg/mi in 0.02% ci- 
trate buffer) was incubated with 24 ml of silver colloid 
for 1 hour at 37 deg. C. After incubation, 24 aliquots of 
•avidin-coated' colloid were placed in small glass test 
tubes. Aliquots of 12 p.1 of 4.4 mg/ml biottn in citrate buff- 
er were added to twelve of the tubes. All 24 of the tubes 
were incubated at 37 deg. C for 45 minutes. Six dilutions 
of biotinylated BSA-DAB conjugate at 12.5, 25, 50, 75, 
1 00 and 125 ^ig/ml in citrate were prepared. 1 0Op.1 each 
of the diluted biotinylated BSA-DAB conjugate solutions 
were added to two duplicate 1 ml samples of both the 
avidin coated colloid, and the avidin coated colloid which 
was pre-exposed to free biotin and the SERRS spectra 
were recorded. The samples which had been pre-ex- 
posed to free biotin showed weaker signals than those 
which did not come in contact with biotin. The duplicates 
were averaged and the differences between the bbtin- 
pre-exposed and unexposed samples were plotted as a 
function of the concentration of biotin-BSA-DAB added 
and the results are shown in Fig. 11. 

Example 1 9 

Hepatitis B Surface Antigen (HBsAg) SERRS Assay 
on a Membrane 

[0131] Anti-HbsAg can be immobilized in a spot mid- 
way along a 0.5 x 4 cm nitrocellulose strip. A blotter can 
be fixed to the top end of the strip. The strip is contacted 
at the bottom to a sample consisting of 1 20 (it of human 
plasma containing a defined amount of HBsAg. The 
sample Is drawn up the strip by capillary action past the 
immobilized antilx)dy, so that HBsAg in the sample 
would be captured by the immobilized anti-HBsAg anti- 
body. This is followed sequentially by 10 of a 2^1/ml 
biotinylated antl-HBsAg antibody (an ancillary specific 
binding member) and a metal colloid containing surface 
immobilized anti-biotin antibody and a label dye capable 
of exhibiting a strong SERRS spectrum. Alternatively, 
the label dye can be attached to the anti-biotin antibody 
which is immobilized on the metal particle. The colloidal 
particle-dye-antibody complex will become localized 
near the spot where the anti-HbsAg is immobilized on 
the strip. This occurs via a ligand binding reaction be- 
tween the nitrocellulose immobilized anti-HBsAg bind- 



ing to the analyte (HbsAg) which binds to the biotinylat- 
ed anti-HBsAg which binds to the coiloid-immobilized 
anti-biotin antibody. The presence and amount of the 
analyte (HbSAg) can be determined by measuring the 
s SERRS spectrum of the dye label in the aforementioned 
spot midway along the strip. 

Example 20 

10 Demonstration of SERRS on Silver Colloids Made 
by Both Citrate and Hydrogen Reduction of Sliver 

Nitrate 

[0132] A dilute solution mixture at 20 to 1 by weight 
IS of methylene blue dye mixed with oxazine 725 dye, re- 
spectively, was made In water. Equal volumes were add- 
ed to separate samples of silver colloid. One sample 
was made by reduction of silver nitrate with sodium cit- 
rate. The other colloid was made by hydrogen reduction 
20 of silver nitrate. Both colloids exhibited the same 
SERRS spectra with respect to Raman shifted peaks; 
however, the relative peak intensities show some differ- 
ences between the colloidal preparations, as shown h 
Fig. 12. 

25 

Example 21 

SERRS Assay for Human Chorionic Gonadotropin 
(HCG) 

30 

[01 33] Antibodies specific for the beta subunit of hu- 
man chorionic gonadotropin (HCG) are immobilized on- 
to the surface of 50 nm collokJai silver particles to pro- 
duce a capture reagent. The particles are overcoated 

35 with a 0.1% solution of dried milktosupress non-specific 
binding. A label dye (dimethylaminoazobenzene) capa- 
ble of exibiting a distinctive SERRS spectrum is at- 
tached to a second antibody which is specific for the al- 
pha subunit of HCG to form a conjugate. The capture 

40 reagent is diluted in 0.01 molar citrate buffer, pH 7.4 to 
a concentration of 0.05%, and mixed with a solution con- 
taining the conjugate at a concentration of 20 ugAni In 
the same citrate buffer. Individual 50 ul aliquots are tak- 
en from each of six test samples containing 0-200 ml.U. 

45 of HCG and each is mixed with a 100 ul aliquot of the 
capture reagent-conjugate mixture. The mixtures are 
then allowed to incubate at room temperature for 30 min. 
During this time the beta subunit of any HCG present 
becomes bound to the particles through the immobilized 

so anti-beta antibody, while the alpha subunit becomes 
bound to the conjugate through the anti-alpha antibody, 
thereby binding the Raman label to the particles, the to- 
tal amount bound depending on the quantity of HCG 
present. After incubation, each mixture is applied to a 

55 separate filter assembly consisting of a filter supported 
by an absorbant pad, arid the liquid containing the un- 
bound conjugate is albwed to be drawn through the filter 
into the absorbant pad beneath. The surfaces of the filter 
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retains the particles and any conjugate bound to then} 
through the HCG analyte. The surface of the filters are 
then illuminated with light sufficient to cause the cap- 
tured label molecules to display a SERS or SERRS 
spectrum, the close packing of the particles on the filter 
surface serving to further amplify the enhancement ef- 
fect. 



Claims 

1 . A method for determining the presence or amount 

of an analyte In a test sample by monitoring an an- 
alyte-mediated ligand binding event the method 
comprising: 

forming a test mixture comprising the test sam- 
ple, a specific binding member, a Raman-active 
label and a particulate having a surface capable 
of Inducing surface>enhanced Raman light' 
scattering wherein a complex is formed from 
the association of the analyte, if any, the spe- 
cific binding member, the Raman-active label 
and the particulate; 

illuminating the test mixture with a radiation suf- 
ficient to cause the Raman-active label in the 
complex to emit a detectable Raman spectrum; 
and 

monitoring differences in the detected surface- 
enhanced Raman scattering spectra, the differ- 
ences being dependent upon the amount of the 
analyte present in the text mixture. 

2. The method according to claim 1 wherein the Ram- 
an-active label is attached to the specific binding 
member. 

3. The method according to claim 1 wherein the Ram- 
an-active label is attached to the particulate. 

4. The method according to claim 1 wherein the spe- 
cific binding member is attached to the particulate. 

5. The method according to claim 2 wherein the la- 
beled specific binding member is attached to the 
particulate. 

6. The method according to claim 3 wherein the spe- 
cific binding member is attached to the labeled par- 
ticulate. 

7. The method according to claim 1 wherein the spe- 
cific binding member is a member of a first specific 
binding pair consisting ol the specific binding mem- 
ber and the analyte. 

8. The method according to claim 1 wherein the Ram- 
an-active label is attached to both the specific bind- 



ing member and the paniculate. 

9. The method according to claim 1 vi/herein the test 
mixture further comprises a second specific binding 

s member. 

10. The method according to claim 9 wherein the sec- 
ond specific binding member is a member of a first 
specific binding pair consisting of the specific bind- 

10 ing member and the analyte. 

11. The method according to claim 9 wherein the sec- 
ond specific binding member is a member of a sec- 
ond specific binding pair consisting of the second 

fs specific binding member and the analyte and the 
second specific biriding member is different from 
the first specific binding member. 

12. The method according to claim 10 wherein the sec- 
20 ond specific binding member is attached to a sec- 
ond particulate having a surface capable of induc- 
ing surface-enhanced Raman light scattering. 

13. The method according to claim 12 wherein the first 
25 and the second particulates are comprised of the 

same material. 

14. The method according to claim 1 wrfierein the radi- 
ation causes a surface-enhanced resonance l^m- 

30 an scattering. 



15. The method according to claim 1 further comprising 
adding an enhancer to said test mixture to facilitate 
said association to form said complex. 

3S 

16. A method for determining the presence or amount 
of an analyte in a test sample derived from a bio- 
logical fluid, by monitoring an analyte-mediated lig- 
and binding event in a test mixture, the method 

40 comprising: 

forming a test mixture comprising the test sam- 
ple, a labeled analyte-analog and a particulate 
capture reagent, said particulate capture rea- 

45 gent comprising a specific binding member 

conjugated to a particulate having a surface ca- 
pable of inducing surface-enhanced Raman 
light scattering and wherein said labeled ana- 
lyte-analog comprises an analyte-analog mol- 

so ecule expressing the analyte epitope recog- 

nized by the specific binding member, the ana- 
lyte analog being attached to a Raman-active 
label either directly or indirectly through an in- 
tervening molecule; 

ss allowing the labeled analyte-analog to be 

bound to the specific binding member on the 
particulate, wherein the extent of the binding of 
the labeled analyte-analog to the specific bind- 
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ing member on the particulate is affected by the 
presence of the analyte; 
Illuminating the test mixture with a radiation suf- 
ficient to cause the Raman-active label on the 
bound labeled analyta-analog in the test mix- 
ture to emit a detectable Raman spectrum: and 
monitoring differences in the detected surface- 
enhanced Raman scattering spectra, the differ- 
ences being dependent upon the amount of the 
analyte present in the test mixture. 

17. The method according to claim 16 further compris- 
ing the step of separating, by a porous material, the 
particulate having associated therewith the Raman- 
active label. 

18. The method according to claim 16 wherein the ra- 
diation causes a surface-enhanced resonance Ra- 
man scattering. 

19. The method according to claim 16 further compris- 
ing adding an enhancer to said text mixture wherein 
said enhancer facilitates a binding, an association, 
or an agglutination event among particles or soluble 
substances in the test mixture. 

20. A method for determining the presence or amount 
of an analyte in a test sample by monitoring an an- 
alyte-mediated iigand binding event in a test mix- 
ture, the method comprising: 

forming a test mixture from the test sample con- 
taining an analyte-analog, a paniculate capture 
reagent comprising a specific binding member 
conjugated to a particulate having a surface ca- 
pable of inducing a surface-enhanced Raman 
light scattering said particulate having associ- 
ated therewith a Raman-active label; 
applying the test mixture onto a chrorrato- 
graphic material having a proxin^l end and a 
distal end. wherein the chromatographic mate- 
rial contains a capture reagent immobilized in 
a capture situs and capable of binding to the 
analyte-analog; 

allowing the test mixture to travel from the prox- 
imal end toward the distal end by capillary ac- 
tion; 

illuminating the capture situs with a radiation 
sufficient to cause a detectable Raman spec- 
trum; and 

monitoring differences in the surface-enhanced 
Raman scattering spectra, the differences be- 
ing dependent upon the amount of the analyte 
present in the test mixture. 



Patentanspruche 

1. Verfahren zur Bestimmung der Anwesenheit Oder 
der Menge eines Analyten in einer Testprobe durch 
5 Beobachtung eines Analyt-vemnittelten Liganden- 
bindungsereignisses, wobei das Verfahren folgen- 
de Schritte umfaSt: 

Ausbilden einer Testmischung, die die Testpro- 
10 be, ein spezifisch bindendes Glied, einen Ra- 

man-aktiven Marker und eine Partikel umfaf3t, 
die eIne Oberfldche besitzt, die in der Lags ist, 
oberflachenverstarkte Ramanlichtstreuung zu 
induzisren, wobei aufgrund der Assoziation 
IS des Analyten, falls vorhanden, des spezifisch 

bindenden Gliedes, des Raman-aktiven Mark- 
ers und der Partikel ein Komplex ausgebildet 
wird; 

Belichten der Testmischung mit einer Strah- 
20 lung, die ausreichend ist. urn den Raman-akti- 

ven Marker in dem Komplex zu veranlassen, 
ein nachweisbares Ramanspektrum auszu- 
senden; und 

Beobachten der Unterschiede in den nachge- 
2S wiesenen oberflachenveratarkten Ra- 

manstreuungsspektren, wobei die Unterschie- 
de von der Menge des Analyten, der in der Test- 
mischung enthalten Ist, abhangig sind. 

30 2, Verfahren nach Anspruch 1 , wobei der Raman-ak- 
tive Marker an das spezifisch bindende Glied gs- 
bunden ist. 

3. Verfahren nach Anspruch 1 , wobei der Raman -ak- 
35 tive Marker an die Partikel gebunden ist. 

4. Verfahren nach Anspruch 1 . wobei das spezifisch 
bindende Glied an die Partikel gebunden ist. 

40 5. Verfahren nach Anspruch 2, wobei das markierte 
spezifisch bindende Glied an die Partikel gebunden 
ist. 

6. Verfahren nach Anspruch 3, wobei das spezifisch 
46 bindende Glied an die markierte Partikel gebunden 

Ist. 

7. Verfahren nach Anspruch 1 , wobei das spezifisch 
bindende Glied ein Glied eines ersten spezifisch 

so bindenden Paares ist, das aus dem spezifisch bin- 
denden Glied und dem Analyten besteht. 

8. Verfahren nach Anspruch 1 , wobei der Raman-ak- 
tive Marker sowohl an das spezifisch bindende 

ss Glied als auch an die Partikel gebunden ist. 

9. Verfahren nach Anspruch 1, wobei die Testmi- 
schung weiterhin ein zweites spezifisch bindendes 
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Glied umfaBt. 

10. Verfahren nach Anspruch 9, wobei das zweite spe- 
zifisch bindende Glied ein Gtied eines ersten spe- 
zifisch bindenden Paares ist, das aus dem spezi- 
fisch bindenden Glied und dem Analyten besteht. 

11. Verfahren nach Anspruch 9, wobei das zweite spe- 
zifisch bindende Glied ein Glied eines zwelten spe- 
zifisch bindenden Paares ist, das aus dem zweiten 
spezifisch bindenden Glied und dem Analyten be- 
steht, und wobei das zweite spezifisch bindende 
Glied vom ersten spezifisch bindenden Gtied ver- 
schieden ist. 

12. Verfahren nach Anspruch 10, wobei das zweite spe- 
zifisch bindende Glied an eine zweite Partikel ge- 
bunden ist, die eIne Oberflache besltzt, die in der 
Lage Ist, oberflachenverstarkte Ramanlichtstreu- 

ung zu induzieren. 

13. Verfahren nach Anspruch 12, wobei die erste und 
die zwette Partikel aus dem gleichen Material be- 
stehen. 

14. Verfahren nach Anspruch 1 , wobei die Strahlung ei- 
ne oberfachenverstarkte Resonanz-Ramanstreu- 
ung bewirkt. 

15. Verfahren nach Anspruch 1, das des weiteren den 
Zusatz eines Verstarkers zu der Testmischung be- 
einhaltet, um die Assoziation zur Komplexblldung 
zu vereinfachen. 



ten-Analogons an das spezifisch bindende 
Glied auf der Partikel, wodurch das AusmaR 
der Bindung des markierten Analyten-Analo- 
gons an das spezifisch bindende Glied auf der 
s Partikel durch die Anwesenheit des Analyten 

beeinfluBt wird; 

Befeuchten der Testmischung mit einer Strah- 
lung, die ausreichend ist, um den Raman-akti- 
ven Marker auf dem gebundenen markierten 

TO Analyten-Analogon In der Testmischung zuf 

Aussendung eines nachweisbaren Ra- 
manspektrums zu veranlassen; und 
Beobachtung der Unterschlede in den nachge- 
wiesenen oberf lachenverstarkten Ramanstreu- 

15 ungsspektren, wobei die Unterschlede von der 

Menge an Analyt abhangig sind, der in der Test- 
mischung enthalten Ist. 

17. Verfahren nach Anspruch 16, das des weiteren ei- 
20 nen Abtrennungsschritt der Partikel mit dem daran 

assoziierten Raman-aktlven Marker mittels eines 
porosen Materials umfa3t. 

18. Verfahren nach Anspruch 16, wobei die Strahlung 
2S eine oberflachenverstarkte Resonanz-Ramanstreu- 

ung bewirkt. 

19. Verfahren nach Anspruch 16, das des vyeiteren den 
Zusatz eines Verstarkers zu der Testmischung um- 

30 fa3t, wobei der Verstarker ein Bindungs-, ein Asso- 
ziations-, Oder ein Agglutinationsereignis zwischen 
Partikein Oder Idslichen Substanzen in der Testmi- 
schung verelnfacht. 



16. Verfahren zur Bestimmung der Anwesenheit Oder 3$ 
der Menge eines Analyten in einer Testprobe, die 
von einer biobgischen FlOssigkeit abgelertet ist, 
durch die Beobachtung eines Analyten-vermittelten 
LIgandenbindungsereignisses in einer Testmi- 
schung, wobei das Verfahren folgende Schritte um- 
fa3t: 

Ausbilden einer Testmischung, die die Testpro- 
be, ein markiertes Analyten-Analogon und ein 
partikulares Einfangreagenz umfaBt, wobei 45 
das partikulare Einfangreagenz ein spezifisch 
bindendes Glied umfaBt, das an eine Partikel 
konjugiert ist, die eine Oberflache besitzt, die 
in der Lage Ist, oberflachenverstarkte Raman- 
lichtstreuung zu Induzieren, und wobei das 5o 
marklerte Analyten-Analogon ein Analyten- 
AnalogonmolekQI umfaBt, das das Anafytene- 
pitop exprimiert, das von dem spezifisch bin- 
denden Glied erkannt wird, wobei das Analy- 
ten-Anabgon entweder direkt Oder indirekt 5S 
Ober ein intervenierendes Molekul an einen Ra- 
man-aktiven Marker gebunden ist; 
Gestatten der Bindung des markierten Anaiy- 



20. Verfahren zumNachweis der Anwesenheit Oder der 
Menge eines Analyten in einer Testprobe durch Be- 
obachtung eines Analyt-vermittelten LIgandenbin- 
dungsereignisses in erner Testmischung, wobei das 
Verfahren folgende Schritte umfaBt: 

Ausbildung einer Testmischung aus der Test- 
probe, die ein Analyten-Analogon enthalt. ei- 
nem partikutaren Einfangreagenz, das ein spe- 
zifisch bindendes Glied umfaBt, das an eine 
Partikel konjugiert ist, die eine Oberflache be- 
sitzt, die in der Lage ist, oberflachenverstarkte 
Ramaniichtstreuung zu Induzieren, wobei mit 
der Partikel ein Raman-aktlver Marker assozi- 
iert ist; 

Aufgeben der Testmischung auf ein chromato- 
graphlsches Material, das ein proximales und 
ein distales Ende besitzt, wobei das chromato- 
graphische Material ein Einfangreagenz ent- 
halt, das an einer Einfangstelle immobilisiert ist 
und das in der Lage Ist, an das Analyten-Ana- 
logon zu binden; 

der Testmischung zu gestatten, aufgrund von 
Kapillanwirkung von dem proxinnalen Ende zu 
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dem distalen Ende zu wandern; 
Beleuchten der Einfangstelle mtt einer Strah- 
lung, die ausreichend ist, urn ein nachweisba- 
res Ramanspektrum zu bewlrken; und 
Beobachtung der Unterschiede in den oberfla- 
chenverstarkten Ramanstreujngsspektren, 
wobei diese Unterschiede von der Menge des 
Analyten, der in der Testmischung enthalten ist, 
abhangig sind. 



Revendications 

1 . Proc6d6 pour determiner la presence ou la quantit6 
d'un analyte dans un 6cliantillon d'essai par contro- 
le d'un 6v6nement de liaison d'un ligand ^ media- 
tion de I'analyte, le proced^ comprenant 

la fornnation d'un melange d'essai comprenant 
I'echantilion d'essai, un 6l6ment de liaison sp6- 
ciflque, un marqueur actif en Raman et un pro- 
duit particulaire ayant une surface capable d'in- 
duire une diffusion de lumifere Raman exalt6e 
en surface, et dans leque! se forme un comple- 
xe k partir de rassoclation de I'anaiyte, s'il y en 
a. de 1'^ lament de liaison sp6ctfique, du mar- 
queur actif en Raman etdu produit particulaire; 
I'exposition du melange d'essai k un rayonne- 
ment suffisant pour entraTner remission, par le 
marqueur actif en Raman du complexe, d'un 
spectre Raman ddcelable; et 
le controle des differences dans les spectres de 
diffusion Raman exalt6e en surface, les diffe- 
rences 6tant dependantes de la quantity d'ana- 
lyte present dans le melange d'essai. 

2. Proced6 selon la revendication 1 , dans lequel le 
marqueur actif en Raman est Ii6 t rel6ment de 
liaison spdcifique. 

3. Procddd selon la revendication 1, dans lequel le 
niarqueur actif en Raman est lid au produit particu- 
laire. 

4. Procdd^ selon la revendication 1 , dans lequel I'^ld- 
ment de liaison spScifique est lid au produit particu- 
laire. 

5. Precede selon la revendication 2, dans lequel I'ele- 
ment de liaison spdcifique marqud est lid au produit 
particulaire. 

6. Procddd selon la revendication 3. dans lequel 1' Ele- 
ment de liaison spdcifique est lid au produit particu- 
laire nnarqud. 

7. Proc6d6 selon la revendication 1 , dans lequel P6I6- 
ment de liaison spdcifique est un didment d'une pre- 



miere paire de liaison spdcifique const itudede Tdld- 
ment de liaison spdcifique et de I'analyte. 

8. Procddd selon la revendk:atjon 1, dans lequel le 
5 nnarqueur actif en Rannan est lid h la fois ^ r^ldment 

de liaison spdcifique et au produit particulaire. 

9. Procddd selon la revendication 1 , dans lequel le 
mdlange d'essai contient en outre un second did- 

JO ment de liaison spdcifique. 

10. Procddd selon la revendication 9, dans lequel le se- 
cond didment de liaison spdcifique est un didment 

d'une premiSre paire de liaison spdcifique consti- 
15 tuee de I'dlement de liaison spdcifique et de I'ana- 
lyte. 

11 . Procddd selon la revendication 9, dans lequel te se- 
cond eldment de liaison spdcifique est un element 

20 d'une seconde paire de liaison spdcifique consti- 
tude du second 6ldment de liaison spdcifique etde 
I'analyte. et le second didment de liaison specifique 
est diffdrent du premier didment de liaison spdcifi- 
que. 

2S 

12. Procddd selon la revendication 10. dans lequel le 
second didment de liaison sp^ifique est lie k un 
second produit particulaire ayant une stjrface capa- 
ble d'induire une diffusbn de lumi^re Raman exal- 

30 tde en surface. 

13. Procddd selon la revendication 12, dans lequel le 
premier et le second produit particulaire sont cons- 
tituds du m§me matdriau. 

3S 

14. Procddd selon la revendication 1, dans lequel le 
rayonnement entratne une diffusion Raman de rd- 
sonance exaltde en surface. 

40 15. Procddd selon la revendication 1 , qui comprend en 
outre I'addition d'un activateur audit mdlange d'es- 
sai, destind ^ facilrter ladlte association pour la for- 
mation dudit complexe. 

4S 16. Procddd pour ddterminer la prdsence ou la quant itd 
d'un analyte dans un dchantiilon d'essai issu d'un 
liquide biologique, par contr6le d'un dvdnement de 
liaison d'un ligand ^ mddiation de I'analyte dans un 
mdlange d'essai, le procddd comprenant les dtapes 

so selon lesquelies 

on forme un mdlange d'essai comprenant 
I'dchantillon d'essai, un analogue de I'analyte 
marqud et un rdactif de capture particulaire, le- 
ss dit rdactif de capture particulaire comprenant 
un didment de liaison spdcifique conjugud h un 
produit particulaire ayant une surface capable 
d'induire une diffusion de lumidre Raman exal- 
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tee en surface, et dans tequel ledit analogue de 
I'analyte marqu^ comprend uns moldcule ana- 
logue de I'anatyte exprimant I'epitope de I'ana- 
lyte reconnu par I'6l6mentde liaison sp§cifique, 
Tanalogue da I'anqlyte 6tant \\6 d un marqueur s 
actif en Raman, directement ou indirectement 
d I'aide d'une moi^cuie intermSdiaire; 
on laisse Tanaiogue de I'analyte marqu6 se tier 
d rsidment de liaison spScifique sur ie produit 
partlculaire, I'importance de la liaison de i'ana- io 
logue de I'analyte marqu6 a r6l6ment de liaison 
sp6cifique sur Ie produit particulaire 6tant in- 
fluencee par la presence de I'analyte; 
on expose Ie melange d'essai k un rayonne- 
ment sufflsant pour entraTner remission, par Ie 
marqueur actif en Raman se trouvant sur I'ana- 
logue de I'analyte marqu6 Ii6 dans Ie melange 
d'essai, d'un spectre Raman decelable; et 
on controte les differences dans les spectres de 
diffusion Raman exaltSe en surface dScelds, 20 
les differences 6tant d^pendantes de la quan- 
tity d'analyte present dans Ie m6fange d'essai. 

17. Procede selon la revendication 16, qui comprend 
en outre I'^tape de separation, par un mat^riau po- 2S 
reux, du produit particulaire auquel est associe Ie 
marqueur actif en Raman. 

1& Procdde selon la revendication 16, dans lequel Ie 
rayonnement entratne une diffusion Raman de r6- so 
sonance exaltde en surface. 

19. ProcSdd selon la revendication 16, comprenant en 
outre Paddition d'un activate ur audit melange, ledit 
activateur facilitant un 6venement de liaison, d'as- 35 
sociation ou d'agglutination enlre les particules ou 

les substances solubles dans Ie melange d'essai. 

20. Proc6d6 pour determiner la presence ou la quantit6 
d'un analyte dans un §chanti!Ion d'essai par contr6- 40 
Ie d'un 6v6nement de liaison d'un ligand k media- 
tion de i'analyte dans un melange d'essai, le proc^- 

66 comprenant les stapes selon lesquelles 

on forme un melange d'essai k partir de 45 
rechanttllon d'essai contenani un analogue de 
Tanaiyte, un r^actif de capture particulaire com- 
prenant un element de liaison specifique con- 
jugue k un produit particulaire ayant une surfa- 
ce capable d'induire une diffusion de lumiere so 
Raman exattee en surface, un marqueur actif 
en Raman etant associe audit produit particu- 
laire; 

on applique le melange d'essai sur un materiau 
chromatographique ayant une extr6mite proxi- ss 
male et une extremite distale, le materiau chro- 
matographique contenant un reactifde capture 
Immobilise dans un site de capture et capable 



de se lier ^ {'analogue de I'analyte; 
on laisse ie melange d'essai se ddplacer de 
I'extremite proximale h Textremite distale par 
effet de capillarite; 

on expose le site de capture h un rayonnement 
suffisant pour donner un spectre Raman dece- 
lable; et 

oncontrole les differences dans les spectres de 
diffusion Raman exaltee en surface, les diffe- 
rences etant dependantes de la quantite d'ana- 
lyte present dans le melange d'essai. 
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